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Abstract. Caliciviruses are nonenveloped with a potyadenylated genome of approximately 7.6 kb and 
a single capsid protein. The "RNA Fold" computer program was used to analyze 3'-terminal noncoding 
sequences of five feline calicivirus (FCV), rabbit hemorrhagic disease virus (RHDV), and two San 
Miguel sea lion virus (SMSV) isolates. The FCV 3'-terminal sequences are 40-46 nucleotides in length 
and 72-91% similar. The FCV sequences were predicted to contain two possible duplex structures and 
one stem-loop structure with free energies of - 2.1 to - 18.2 kcal/mole. The RHDV genomic 3'-terminal 
RNA sequences are 54 nucleotides in length and share 49% sequence similarity to homologous regions 
of the FCV genome. The RHDV sequence was predicted to form two duplex structures in the 3'- 
terminal noncoding region with a single stem-loop structure, resembling that of FCV. In contrast, the 
SMSV 1 and 4 genomic 3'-terminal noncoding sequences were 185 and 182 nucteotides in length, 
respectively. Ten possible duplex structures were predicted with an average structural free energy of 
- 35 kcal/mole. Sequence similarity between the two SMSV isolates was 75%. Furthermore, extensive 
cloverleaflike structures are predicted in the 3' noncoding region of the SMSV genome, in contrast to 
the predicted single stem-loop structures of FCV or RHDV. 
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The caliciviridae are a group of relatively unchar- 
acterized animal viruses that have positive sense 
RNA genomes approximately 7.6 kb in size 
(1-3). These nonenveloped viruses have a den- 
sity of 1.35 g/cc, a single capsid protein ranging 
from 60 to 70 kD, and a Vpg protein covalently 
linked at the 5' end of the genomic RNA (2,4,5). 
Members of this group include feline calicivi- 
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ruses (FCV), San Miguel sea lion virus (SMSV), 
vesicular exanthema of swine virus (VESV), rab- 
bit hemorrhagic disease virus (RHDV), and the 
Norwalk virus (6). Candidate caliciviruses have 
also been isolated from chickens (7), dogs (8), 
and cattle (9). Caliciviruses characteristically 
have three open reading frames in their genomes. 
The nonstructural proteins are encoded in the 5' 
half of the genome and include a 2C polypeptide, 
a cysteine protease, and an RNA-dependent 
RNA polymerase (1,I0). The structural capsid 
gene is located at the beginning of the 3' half of 
the genome followed by a small putative DNA 
binding protein gene with an untranslated region 
directly preceeding the Poly-A tail (I,11,12). 
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The 3'-terminal sequences of several positive- 
strand RNA viruses have been reported and ana- 
lyzed for secondary structures in the untrans- 
lated region. Possible secondary structures were 
first predicted in the 3'-terminal regions of turnip 
yellow mosaic virus (TYMV) genomic RNA 
(13,14), and structural models have been pro- 
posed for TYMV (15-17). Among animal viruses 
the 3' terminal untranslated region of several 
alphavirus genomes have been compared and 
demonstrated to contain blocks of repeated se- 
quences (18-21). Stable secondary structures 
have also been detected in the 3'-terminal 
untranslated regions of numerous flavivirus ge- 
nomes (22-27). Most recently, secondary struc- 
tures have been detected in potiovirus 3'- 
terminal untranslated region and are thought 
to be important in viral RNA amplification during 
infection (28). The purpose of the present com- 
munication is to report and compare the 3'- 
untranslated regions of several animal calicivirus 

genomes and to analyze these regions for pre- 
dicted secondary structures that may be present. 

Sequences of the 3'-terminal untranslated ge- 
nomic region of five FCV isolates have been 
compared in Fig. 1A. These sequence areas are 
40-45 nucleotides in length among the five iso- 
lates and vary in sequence similarity by 78-91%. 
The NADC isolate was obtained most recently 
in 1989 (38) and was 45 nucleotides in length. 
The KCD isolate was made in 1957 (34) and con- 
tained the smallest number of nucleotides in this 
region of the genome (Fig. 1A). Conserved se- 
quences exist among the five isolates, consisting 
of a CCCTT and CGC in the interior area of this 
region of feline calicivirus genomes. The 12 
nucleotides just prior to the polyA tail composed 
of the sequence CTAACCCCAGGG are also 
conserved among all live isolates. Immediately 
upstream from this sequence is a GCG island 
that is present in all but the KCD isolate (Fig. 
1A). The KCD isolate has been maintained 
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Fig. 1. Nucleotide sequence comparison of the 3'-noncoding region among animal calicivirus RNA genomes. A: Nucleotide 
sequence alignment of the genomic RNA Y-noncoding region among isolates of feline calicivirus and rabbit hemorrhagic dis- 
ease virus. B: Nucleotide sequence alignment of the genomic RNA 3'-noncoding region between two isolates of San Miguel 
sea lion virus. Published sequences for the CF1/68 (11), F4 (33), and F9 (l) viruses were aligned with two more isolates of 
feline calicivirus, NADC and KCD, and rabbit hemorrhagic disease virus (RHDV; 30). The NADC virus isolation was made 
from a healthy cat at the Ames, Iowa animal shelter, and the KCD isolate was a standard laboratory strain (34) obtained from 
the American Type Culture Collection. Nucleotide sequencing (35,36) of the NADC and KCD isolates was from cDNA ob- 
tained by unidirectional cloning (37) of genomic RNA. Genbank accession numbers are L09718 for the NADC isolate and 
L09719 for the KCD isolate. Sequences for the SMSV 1 and SMSV 4 isolates were from published data (12). Genomic RNA 
sequences were compared using the ALIGN (Scientific & Educational Software) computer program. 



longer in cell culture than any of the other FCV 
isolates, and this may have contributed to the 
reduced number of bases in this region of the 
genome. 

To determine what potential secondary struc- 
tures may occur in the 3'-terminal untranslated 
region, these sequences were subjected to com- 
puter analysis (29). The FCV sequences con- 
tained one predicted stem-loop in their 40-45 
base untranslated terminal region (Fig. 2). The 
CFI/68 isolate contains one duplex that pairs 
bases 12-15 with bases 46-43 and a second du- 
plex pairing bases 16-23 with bases 38-31. A 
total energy prediction for the CFI/68 isolate's 
3'-terminal structure was -17 .9  kcal/mol. The 
KCD isolate also contained two predicted duplex 
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structures, while three such structures were pre- 
dicted for the NADC isolate (Fig. 2). A total en- 
ergy of - 5 . 8  kcal/mol was predicted for the 
KCD isolate and - 18.2 kcal/mol was predicted 
for the NADC isolate in their 3'-terminal un- 
translated regions. Analysis of the 3'-terminal 
untranslated region of the FCV and F9 isolated 
produced similar results (Fig. 2). Both isolates 
contained two duplex structures in this region of 
their genome with total energy predictions of 
-2 .1  kcals/mol. The predicted structures of the 
FCV genomic 3'-terminal untranslated region re- 
semble single stem-loop structures found in ge- 
nomic RNA of a poliovirus mutant able to repli- 
cate only at 39.5°C and not at 37°C (28). All the 
FCV isolates exhibited equivalent replication 

CFI F9 

GCACu 

C U 
C:U CC 
G:C A U 

U~G C:U 

~:C CC : UCCU 

~:U G A 
UtA UCG : CCA 
U:ACC U~C 

: c u:c 
U:AC U : &  
c:u U:U 
C:G o:u 

UG~UCACUU.~,C : ~ UGAUCAUAUAUCCC : ~kAA 

F4 KCD 

cc CGC u 
AU 

C:G U U 
CC:~CU U U  

G & C:G 
UCU:CCA ~U 

O:C U:CU~./t 
0,o % 
U : A  ~ACC 
U : G  C ~  
U:~ C~ 

Ua~AUaU~UCCC:GA~A UUA~UC~UUUAUC:~Ut~ 

NADC RHDV 

AU 
G A 
C:G 

GtC 
CC~GCU 

G A 
UCG:CA 

Q:C 

U:C 
C C 
UU:A 

C:G 
C:G 

UGaUCAUQU~U&UC : GAlA 

AAG 

A:U 
U:A 

QGU U:A 
U U U:~ 
U U G:C 

A:U 
U:A 

SMSV-1 SMSV-4 

G : C  
U : A  

uU-Uu G:c 

A:U 
C A A:UCACC 
C O  U U 

U U AU UU:CUGUC 
: A:U 

C:G U:A 
A:~JUA U U 

U A GtC 

U:AU A:U 

C:G U:A 
G:U U u 
A:U u c ~ u  

u:A A : U  
A:U U~A 
A:U UOAUCAGtrdCCU~AU 

UA:U U C 

G UA~AA . . . . .  GUGLrd~VU'UA UCCUtFUA~--U~JCGU~AA 
A~U 

U UC.AQ&UU CAC A C~G 

G U c tr~.rUA c : U  
ccu:~ u uA:uu u G 

a:u cA u:A uc AzU 

U:A U:C U:A 
UC~GUU A:U trU~A 

C U O:A C : 
truc:Gu U:AU AItA:U 

A:U C C A~U 

A:U u : ~  c~u 
Ac:~ G:c C:UuctruAAUCUAUUA~ 

A , u : u  u A 
L~JC:G U~A CU:A~JU~AIFJAAQAUGUC 

G:U U:A U~ 
U:A A:U A~U 

C:U A:U A:U 

UzA AU:AA ACIU 
A : u  u : 

A:U G U AC~G 
C:CCA~ u-U ~:U 

: u U:A 
C:C.GA C : G  

U ~ O r ~  A : U  

A:U A:U 
U:A C :GCAU 

U:A A:U : U 
U:A U:& C:GGA 
UzA U:A U:A 

UGIA : ~UUUUAAtrU~OU: A U~tr: AA 

Fig. 2. Predicted secondary structures for the 3'-noncoding regions of animal calicivirus genomic RNA. Feline calicivirus iso- 
lates CFI/68, F4, NADC, F9, KCD; rabbit hemorrhagic disease virus (RHDV), and San Miguel sea lion virus isolates I and 4 
(SMSV-1 and SMSV-4) were analyzed by the RNA Fold computer program (Scientific & Educational Software) for the pres- 
ence of stem-loop structures in the Y-noncoding region by the method of Martinez (29). For all RNA folding analyses, a por- 
tion of the poly A tail was included, since it has been determined that these adenine residues may base pair with pyrimidines 
in the 3' terminus of potyadenylated viral genomes (28). 
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curves at 37°C. Hence, the secondary structures 
present in the FCV 3'-terminal untranslated re- 
gion are sufficient for viral replication. 

The other positive-strand RNA animal virus 
considered to be a member of the caliciviridae 
family is the rabbit hemorrhagic disease virus 
(RHDV) that infects the liver of its host. This 
virus has 3'-terminal noncoding sequences of 54 
nucleotides in length (2) that is 100% similar 
among the isolates sequenced to date (30). These 
regions of their genomes are approximately 49% 
similar to the FCV isolates 3'-noncoding se- 
quences, and the stop codon UGA is utilized by 
RHDV, as is the case for FCV isolates (Fig. 1A). 
Two stem-loop structures are predicted to occur 
with a calculated free energy of -7 .1  kcal/mol 
(Fig. 2). The structures predicted to occur in the 
RHDV genomic 3'-terminal untranslated region 
also resemble similar structures found in wild- 
type poliovirus and coxsackievirus B1 genomic 
RNA that presumably interact with the viral 
polymerase during viral RNA amplification (28). 

Another calicivirus group, the SMSV isolates, 
were also compared for sequence similarity 
among their 3'-terminal untranslated genomic re- 
gion (Fig. 1B). The SMSV isolates have terminal 
untranslated regions that are 185 and 182 nucleo- 
tides long in type 1 and 4 isolates, respectively. 
This region of the genome is 75% similar between 
these two isolates and contains islands of se- 
quence similarity separated by areas of one to 
three base differences. The SMSV isolates have 
the stop codon UAG (Fig. 1B), different from 
the UGA utilized by FCV and RHDV (Fig. 1A). 
Similar to the situation in FCV, there is a region 
of conserved sequences directly 5' to the polyA 
tail. However, the sequence of 10 nucleotides, 
TTGCATTAGG, in SMSV t and 4 has no simi- 
larities to the FCV sequences directly preceding 
the polyA tail. 

Potential secondary structures in the 3'- 
untranslated region of the SMSV isolates are 
much more extensive than in the FCV isolates 
because of the increased number of nucleotides 
in this area of the genome (Fig. 2). A more com- 
plex cloverleaf structure was predicted for both 
SMSV isolates. The SMSV-1 isolate has 10 du- 
plex structures present, with a total energy of 
-32 .6  kcal/mol, while the SMSV-4 isolate also 
has 10 duplex structures, with a total energy of 

-38.1 kcal/mol. The secondary structures pre- 
dicted to occur in the 3'-terminal untranslated 
region of SMSV genomic RNA resemble struc- 
tures predicted to occur in homologous regions 
of various positive-stranded plant virus genomes 
(14,16,17,23,31) and Dengue virus type 2 RNA 
(25). Similar secondary structures of flaviviruses 
(22,24) and encephalitis viruses (26) have been 
proposed to be important for replication of viral 
RNA. 

No sequence similarities to the calicivirus 3'- 
terminal genomic region were found in the 
EMBL/GenBank database. Specifically, no ap- 
parent sequence similarities were detected to the 
alphaviruses, flaviviruses, or to any of the posi- 
tive-strand RNA plant viruses. Although the 3'- 
terminal untranslated regions of calicivirus ge- 
nomes are quite variable in their sequence 
length, they all may form stem-loop structures. 
These areas of the genome are believed to be 
important in providing replication signals respon- 
sible for amplification of RNA molecules (32) and 
may bind proteins involved with tRNA metabo- 
lism (16,17). Consequently, the terminal stem- 
loop structures of caliciviruses may play a role 
in the viral replication complex, as has been pro- 
posed for poliovirus (28). The two better charac- 
terized caliciviruses, FCV and SMSV, are very 
different in this region of the genome. The FCV 
isolates have a short 43-48 nucleotide untrans- 
lated terminal region, while the SMSV isolates 
have a much longer 181 or 185 nucleotide termi- 
nal untranslated region with a more extensive 
cloverleaf structure. The RHDV viruses have a 
terminal untranslated region intermediate in 
length to the FCV and SMSV isolates. 
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